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1
SCREWDRIVER

BACKGROUND OF THE INVENTION

The teachings of U.S. patent application Ser. No. 10/353,
672, filed on Jan. 29, 2003, are herein incorporated by

reference.
1. Field of the Invention

The 1nvention relates to an electric screwdriver that can
eficiently transmit torque for screw-tightening operation
and release the torque transmission.

2. Description of the Related Art

An electric screwdriver 1s disclosed 1n unexamined Japa-
nese laid-open patent publication No. 61-219581. The
known screwdriver includes a silent clutch mechanism to
connect a tool to a motor for transmitting the rotating torque
of the motor to the tool. The silent clutch includes clutch
members with clutch teeth that can be engaged with each
other to transmit the motor torque to the tool. By utilizing the
silent clutch mechanism, when the screw is tightened to a
predetermined depth with respect to the workpiece, the
clutch members can be promptly disengaged to stop trans-
mission of the rotating torque of the driving motor. As a
result, noise and vibration during screw-tightening operation
can be avoided.

In the known screwdriver, the silent clutch mechanism 1s
disposed between a rotating member on the motor side and
a rotating member on the tool side. In order to transmit the
rotating torque of the motor to the tool, user of the screw-
driver applies a pressing load on the screwdriver while
keeping the tool in abutment on the workpiece. At this time,
the tool side rotating member moves toward the motor side
rotating member and engages it. As a result, the motor torque
1s transmitted to the tool via the both rotating members
which have been engaged with each other.

In the above-mentioned known technique, in order to
transmit the motor torque to the tool, the user must apply a
pressing load on the screwdriver to keep torque transmission
from the motor to the tool via the mutually engaged rotating
members. Otherwise, the torque transmission i1s cancelled
when the pressing load of the user 1s not applied onto the
screwdriver. However, as for a screw such as a universal
joint, which 1s tightened 1n a relatively narrow work area, the
user of the known screwdriver may be in difficulty to
continuously apply a pressing load onto the screwdriver
during the screw tightening operation.

SUMMARY OF THE INVENTION

It 1s, accordingly, an object of the present invention to
provide an electric screwdriver that can efficiently transmit
torque for tightening a screw and stop the torque transmis-
s101.

According to the present invention, a representative
screwdriver may include a motor, first and second rotating
members, a tool, a torque transmission spring and a torque
transmission releasing device. The torque transmission
spring transmits the rotating torque of the motor from the
first rotating member to the second rotating member 1n order
to drive the tool by closely winding around the first rotating
member and the second rotating member when the motor
drivingly rotates the first rotating member 1n a predeter-
mined rotating direction. Further, the torque transmission
releasing device moves in the axial direction of the first
rotating member or the second rotating member 1n response
to the screw-tightening torque. By such movement, the
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torque transmission releasing device releases the close wind-
ing of the torque transmission spring around at least one of
the first rotating member and the second rotating member
and releases the transmission of the rotating torque of the
motor to the tool.

According to the present invention, the rotating torque of
the motor can be transmitted by means of the torque trans-
mission spring that closely wound around the rotating mem-
bers and therefore the motor torque can be transmitted
without any pressing load of the user to the screwdriver.
Further, the torque transmission releasing device can 1imme-
diately cancel the torque transmission in response to the
screw-tightening torque. Thus, the respective screwdriver
can efficiently transmit torque for tightening a screw and
stop the torque transmission.

Other objects, features and advantages of the present
invention will be readily understood after reading the fol-
lowing detailed description together with the accompanying
drawings and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows essential part of an electric screwdriver

according to the representative embodiment of the inven-
fion.

FIG. 2 shows the electric screwdriver in the state in which
close winding of a torque transmission spring around a first
spindle 1s released.

DETAILED DESCRIPTION OF THE
REPRESENTATIVE EMBODIMENT

According to the present teachings, a representative elec-
fric screwdriver may include a motor, a first rotating
member, a second rotating member and a tool. The first
rotating member 1s driven by the motor. An AC motor, a DC
brushless motor or other various motors may be utilized as
a motor. Preferably, the first rotating member may be con-
nected to the motor via a speed reducing mechanism that
utilizes for example planetary gears and so on. The second
rotating member 1s adapted to rotate by receiving the rotat-
ing torque of the first rotating member.

The tool 1s drivingly rotated via the first rotating member
and the second rotating member for screw-tightening opera-
tion. According to the present teachings, a torque transmis-
sion spring 1s used to transmit the rotating torque of the
motor from the first rotating member to the second rotating
member. The torque transmission spring closely winds
around the first rotating member and the second rotating,
member when the motor 1s driven to rotate the first rotating
member 1n a predetermined direction. Thus, the motor
torque 1s transmitted from the first rotating member to the
second rotating member. A driver bit typically corresponds
to the “tool” according to the present invention. As the
“torque transmission spring”’, for example, a square ring can
be suitably utilized.

Further, in the present teachings, a torque transmission
releasing device 1s provided to prevent the torque transmis-
sion spring from transmitting the motor torque. The torque
transmission releasing device moves 1n the axial direction of
the first rotating member or the second rotating member 1n
response to the screw-tightening torque. Thus, the torque
transmission releasing device releases the close winding of
the torque transmission spring around at least one of the first
rotating member and the second rotating member. As a
result, transmission of the rotating torque of the motor from
the first rotating member to the second rotating member 1s
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released. Preferably, the torque transmission releasing
device may swiltly and assuredly release the transmission of
the motor torque according to the screw-tightening torque.
With such construction, effectiveness as a silent clutch can
be ensured.

The torque transmission releasing device may be config-
ured and arranged to release the close winding of the torque
fransmission spring around the first rotating member or the
second rotating member or the both members. In order to
release such close winding, for example, the end of the
forque transmission spring may be locked. As a result, the
torque transmission spring 1s allowed to rotate relative to the
rotating member, so that 1t can no longer be closely wound
around the rotating member. Or the torque transmission
spring may be rotated relative to the rotating member 1n a
direction opposite to the winding direction of the torque
transmission spring around the rotating member, so that the
close winding around the rotating member can be positively
released. With respect to the movement “in response to the
screw-tightening torque”, for example, when the operation
of tightening screws on the workpiece 1s nearly completed
and the screw-tightening torque exceeds a predetermined
torque, the torque transmission may be released.

In the screwdriver according to the present teachings,
driving torque of the motor 1s transmitted from the first
rotating member to the second rotating member via the
torque transmission spring. Further, the torque transmission
releasing device 1s adapted to appropriately release and
cancel such transmission of the motor torque 1n response to
the screw-tightening torque. Therefore, user of the screw-
driver does not have to apply a pressing load on the
screwdriver as 1n the known technique in order to engage the
rotating members with each other. Thus, the screw-

tightening operation can be performed efficiently.

Preferably, the torque transmission releasing device may
engage the torque transmission spring so as to prevent the
torque transmission spring from being closely wound 1n the
rotational direction of the first rotating member, so that the
torque transmission releasing device releases the close wind-
ing of the torque transmission spring around the first rotating
member. Transmission of the motor torque and 1its release
can be easily controlled by releasing the close winding of the
torque transmission spring around the first rotating member.
Preferably, in order to engage the torque transmission
spring, the end of the torque transmission spring may be
typically engaged such that it cannot move 1n the rotational
direction of the first rotating member.

Preferably, the screwdriver may include a third rotating
member that 1s disposed adjacent to the second rotating
member and 1n the vicinity of the tool. The second rotating
member may be connected to the third rotating member via
a clutch member. Further, the clutch member may be
adapted to move toward the first rotating member 1n the axial
direction 1n response to the screw-tightening torque. The
close winding of the torque transmission spring around the
first rotating member may be performed or released in
response to the axial movement of the clutch member.
Specifically, the clutch member 1s disposed between the
second rotating member and the third rotating member and
moves toward the first rotating member in the axial direction
In response to the screw-tightening torque so that the close
winding of the torque transmission spring around the first
rotating member 1s performed or released. By providing
such clutch member that moves in the axial direction so as
to control the close winding of the torque transmission
spring, the screwdriver can be downsized 1n 1ts structure.

Preferably, the clutch member may include an engage-
ment member that extends toward the first rotating member.
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The clutch member may be urged toward the third rotating
member by a spring. Preferably, the clutch member may be
adapted to move toward the first rotating member against the
biasing force of the spring when the screw-tightening torque
exceeds a predetermined torque. When the clutch member
moves toward the first rotating member, the engagement
member engages the torque transmission spring so as to
release the close winding of the torque transmission spring
around the first rotating member. The clutch member 1s
adapted to move by or against the biasing force of the spring,
so that the close winding of the torque transmission spring
and 1its release via the clutch member can be reliably
controlled.

Further, preferably, the screwdriver may be configured to
transmit the rotating torque of the motor to the tool via a first
torque transmission path and a second torque transmission
path. Through the first torque transmission path, the rotating
torque of the motor 1s transmitted from the first rotating
member to the tool via the torque transmission spring and
the second rotating member. When the motor 1s rotated 1n a
reverse direction so that the torque transmission by the
forque transmission spring 1s released, the torque of the
motor rotating 1n the reverse direction 1s transmitted from
the first rotating member to the tool via a one-way clutch

through the second torque transmission path. Specifically,
when the motor 1s rotated 1n a forward direction, as men-

tioned above, the rotating torque of the motor 1s transmitted
from the first rotating member to the second rotating mem-
ber by utilizing the torque transmission spring. On the other
hand, when the motor 1s rotated 1n a reverse direction, the
forque transmission by the torque transmission spring 1s
released. In this state, the motor torque is transmitted from
the first rotating member to the tool by utilizing a one-way
clutch. With such construction, motor torque can be efli-
ciently transmitted during rotation of the motor in the
reverse direction as well as 1 the forward direction.

Each of the additional features and method steps disclosed
above and below may be utilized separately or 1n conjunc-
tion with other features and method steps to provide
improved screwdrivers and method for using such screw-
driver and devices utilized therein. Representative examples
of the present invention, which examples utilized many of
these additional features and method steps in conjunction,
will now be described 1n detail with reference to the draw-
ings. This detailed description 1s merely intended to teach a
person skilled in the art further details for practicing pre-
ferred aspects of the present teachings and 1s not intended to
limit the scope of the invention. Only the claims define the
scope of the claimed mnvention. Therefore, combinations of
features and steps disclosed within the following detailed
description may not be necessary to practice the invention in
the broadest sense, and are instead taught merely to particu-
larly describe some representative examples of the
invention, which detailed description will now be given with
reference to the accompanying drawings.

FIG. 1 shows a representative electric screwdriver 100
according to the present teachings. In FIG. 1, however, only
an essential part of the body 112 of the screwdriver 100 1s
shown such as a motor housing 110, a gear housing 111 and
a sleeve 110a that 1s connected to the gear housing 111. To
the contrary, a grip portion that 1s connected to the body 112
1s not particularly shown in the drawings.

The screwdriver 100 1ncludes a motor 113, a first spindle
120, a second spindle 130, a third spindle 150, a tool bit 123,
a clutch cam 1440, a square spring 160, a torque transmission
releasing device 145, a spring 171 and a spring biasing force
adjustment device 172. These components are disposed

within the body 112.
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The first spindle 120 1s a feature that corresponds to a
“first rotating member” according to the present invention,
the tool bit 123 to a “tool”, the second spindle 130 to a
“second rotating member”, the clutch cam 140 to a “clutch
member”’, the third spindle 150 to a “third rotating member”
and the square spring 160 to a “torque transmission spring’,
respectively.

An output shaft 113« of the motor 113 1s connected to the
first spindle 120 via a speed reducing mechanism 115 which
include a reduction gear 116. However, for the sake of
convenience, any other portions of the speed reducing
mechanism 115 except for the reduction gear 116 are not
particularly shown in the drawings. The speed reducing
mechanism 115 may include a known reduction gear.

The first spindle 120 includes a large-diameter portion
120a and a small-diameter portion 1205 that 1s contiguous to
the large-diameter portion 120a. The second spindle 130 has
a hollow sleeve-like shape and is loosely fitted around the
small-diameter portion 1205 of the first spindle 120. As
shown 1n FIG. 1, the small-diameter portion 1205 of the first
spindle 120 is 1nserted into the hollow portion of the second
spindle 130. At this time, the outer circumferential surface of
the large-diameter portion 120a of the first spindle 120 is
flush with the outer circumferential surface of the second
spindle 130. The second spindle 130 that 1s loosely fitted
around the first spindle 120 1s coaxial with the first spindle
120 and can rotate with respect to the first spindle 120.

A spring 160 that has a square cross section (hereinafter
referred simply as “square spring 160) is weakly press-fitted
and extends around the laree-diameter portion 120a of the
first spindle 120 and the second spindle 130. The square
spring 160 comprises a winding having a square cross-
section and 1s wound counterclockwise as viewed from the
motor 113. An end 161 of the square spring 160 can move
in the rotational direction of the first spindle 120, so that the
square spring 160 1s closely wound around the large-
diameter portion 120a of the first spindle 120 and the second
spindle 130. In other words, the winding portion of the
square spring 160 make contact with the circumierential
surfaces of the first and second spindle 120, 130, respec-
tively.

The square spring 160 can be closely wound around the
first spindle 120 when the end 161 of the square spring 160
1s allowed to slightly move 1n the rotational direction of the
first spindle 120. On the other hand, the square spring 160
cannot be closely wound around the first spindle 120 when
the square spring 160 1s locked so that the end 161 of the
square spring 160 cannot move 1n the rotational direction of
the first spindle 120. In the representative embodiment,
normally, the square spring 160 1s closely wound around the
first spindle 120 when the motor 113 drivingly rotates the
first spindle 120 1n the forward direction or clockwise as
viewed from the side of the motor 113.

The end 161 (the right end as viewed in the drawing) of
the square spring 160 1s attached to a stopper plate 163. The
stopper plate 163 1s fitted on the large-diameter portion 1204
of the first spindle 120 and disposed adjacent to the reduc-
tion gear 116. The stopper plate 163 normally rotates
together with the first spindle 120 by friction between the
stopper plate 163 and the circumierential surface of the
large-diameter portion 120a and the side surface of the
reduction gear 116. However, when a stopper pin 146 locks
the stopper plate 163 and prevents the stopper plate 163 from
rotating together with the first spindle 120, the stopper plate
163 1s allowed to rotate relatively with respect to the first
spindle 120 and the reduction gear 116 via a bearing 1635.
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Clutch cam 140 1s provided on the left end portion of the
second spindle 130. A recess 132 1s formed 1n the left end
portion of the second spindle 130, and a steel ball 143 1s
disposed within the recess 132. The clutch cam 140 1is
allowed to move by the axial length of the recess 132 1n the
axial direction of the second spindle 130 when the steel ball
143 moves within the recess 132. Further, the clutch cam
140 rotates together with the second spindle 130 via the steel

ball 143 that 1s held within the recess 132. The clutch cam
140 and the third spindle 150 have engagement teeth 141,
151, respectively. The teeth 141 and 151 are engaged with
cach other according to FIG. 1. Although 1t 1s not particu-
larly shown within the drawings, the teeth 141, 151 have
engagement surfaces that are inclined with respect to each

other. In response to the torque transmission between the
teeth 141 and 151, the teeth 141, 151 may completely

engage with each other. Otherwise, one of the teeth 141 and
the teeth 151 may slide relative to the other along the
engagement surfaces, so that the clutch cam 140 and the
third spindle 150 can move away from each other 1n the axial

direction. In the state as shown 1n FIG. 1, the steel ball 143
moves to the left end of the recess 132 within the recess 132.

Further, the clutch cam 140 1s located near to the third
spindle 150. In this state, the teeth 141 and 151 engage with
cach other. As a result, the second spindle 130 and the third
spindle 150 rotate together. The recess 132 may extend
obliquely with respect to the axial direction of the second
spindle 130. In this case, the clutch cam 140 and the third
spindle 150 can move relative to each other in the axial
direction by the relative movement between the steel ball
143 and the recess 132. Therefore, the teeth 141, 151 are not
necessarily required to have engagement surfaces that are
inclined with respect to each other.

Clutch cam 140 1s urged toward the third spindle 150 by
the biasing force of the spring 171, so that the teeth 141 and
151 normally engage each other. The biasing force of the
spring 171 that 1s exerted upon the clutch cam 140 can be
changed by means of a spring biasing force adjusting device
172. Specifically, one end (the right end as viewed in FIG.
1) of the spring 171 is connected to the spring biasing force
adjusting device 172. The spring biasing force adjusting
device 172 includes a spring support washer 179, a torque
adjusting sleeve 177, a torque adjusting pin 175 and a torque
adjusting ring 173. When the user of the screwdriver turns
the torque adjusting ring 173, the torque adjusting sleeve
177 moves 1n the axial direction via the torque adjusting pin
175. As a result, the amount of contraction of the spring 171
changes, and accordingly the biasing force of the spring 171
that 1s exerted upon the clutch cam 140 changes.

Further, a rod-like stopper pin 146 1s coupled to the clutch
cam 140. The stopper pin 146 extends 1n the axial direction
of the first spindle 120 and the second spindle 130. The
stopper pin 146 can rotate relative to the clutch cam 140.
Further, when the clutch cam 140 moves 1n the axial
direction of the second spindle 130, the stopper pin 146
moves 1n the axial direction together with the clutch cam
140. Specifically, when the clutch cam 140 rotates together
with the second spindle 130, the rotational movement 1s not
transmitted to the stopper pin 146, so that the stopper pin 146
1s held 1n predetermined position. On the other hand, when
the clutch cam 140 moves 1n the axial direction of the second
spindle 130, the stopper pin 146 moves 1n the axial direction
of the second spindle 130 together with the clutch cam 140.
The axaal length of the recess 132 of the second spindle 130
defines the distance of movement of the clutch cam 140 and
the stopper pin 146 as well.

When the clutch cam 1440 1s urged toward the third spindle
150 by the biasing force of the spring 171, the stopper pin
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146 1s held apart from the stopper plate 163. However, when
the screw-tightening torque exceeds a predetermined torque
as will be described below 1n detail, the clutch cam 140
moves rightward as viewed 1n the drawing in the axial
direction of the second spindle 130. As a result, the stopper
pin 146 abuts against and engages with a gear-like stopper
pin engagement portion 163a on the stopper plate 163. Thus,
the stopper pin 146 engages and retains the stopper plate
163. At this stage, because the rotational movement of the
clutch cam 140 1s not transmitted to the stopper plate 163,
the stopper plate 163 1s prevented from rotating together

with the first spindle 120.

As a result, the square spring 160 1s prevented from
rotating together with the rotating first spindle 120. Thus, the
end 161 of the square spring 160 1s prevented from shightly
moving 1n the rotational direction of the first spindle 120. In
this state, the square spring 160 can no longer be closely
wound around the large-diameter portion 120a of the first
spindle 120. The winding engagement of the square spring
160 on the first spindle 120 1s thus released. As a result, the
square spring 160 1s loosened and the rotating torque of the
motor 113 cannot be transmitted from the first spindle 120
to the second spindle 130, and therefore the first spindle 120
rotates 1dly.

Further, the left end (as viewed in the drawing) of the first
spindle 120 1s connected to the third spindle 150 via a
one-way clutch 181. The one-way clutch 181 allows torque
transmission from the second spindle 130 to the third spindle
150 when the motor 113 drives the first spindle 120 and thus
the second spindle 130 in a forward direction (clockwise as
viewed from the motor 113). On the other hand, the one-way
clutch 181 directly transmits torque from the first spindle
120 to the third spindle 150 when the motor 113 is rotated
in a reverse direction to rotate the first spindle 120 1n the
reverse direction (counterclockwise as viewed from the
motor 113). The one-way clutch 181 as itself is a known
structure and therefore 1ts detailed description will be abbre-
viated.

Tool bit 123 1s mounted to the end of the third spindle 150

via a tool bit mounting chuck 153. In use, a screw 124 to be
tichtened on a workpiece 125 1s attached to the end of the

tool bit 123.

The operation and usage of the screwdriver 100 according,
to the representative embodiment will now be explained.
User of the screwdriver 100 attaches a screw 124 to the end
of the tool bit 123 and makes the end of the screw 124 into
contact with the workpiece 125. At this time, the user 1s not
required to apply a heavy pressing load onto the screw 124.
To the contrary, only a light abutment of the end of the screw
124 against the workpiece 125 1s sufficient to conduct
screw-tightening operation. In this state, the user throws a
trigger switch on the hand grip (not particularly shown in the
drawings) in order to drive the motor 113. When the motor
113 1s driven, the first spindle 120 receives the rotating
torque of the motor via an output shaft 1134 and a speed
reducing mechanism 1135.

At this stage, the stopper plate 163 rotates together with
the first spindle 120 by friction. Thus, the end 161 of the
square spring 160 1s allowed to rotate as the first spindle 120
rotates. When the large-diameter portion 120a of the first
spindle 120 rotates in the forward direction (clockwise as
viewed from the motor 113), the square spring 160 that is
wound counterclockwise 1s closely wound around the large-
diameter portion 120a of the first spindle 120 and then
around the second spindle 130. As a result, the rotating
torque of the motor 113 1s transmitted from the first spindle
120 to the second spindle 130 via the square spring 160.
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The square spring 160 transmits the rotation of the first
spindle 120 to the second spindle 130 by its close winding
around the large-diameter portion 120a of the first spindle

120 and the second spindle 130. Then, the clutch cam 140
rotates together with the second spindle 130, and the third
spindle 150 receives the rotating torque by engagement
between the teeth 141 of the clutch cam 140 and the teeth
151 of the third spindle 150. The rotation of the third spindle
150 1s transmitted to the tool bit 123 and the screw 124.
Thus, the screw 124 1s driven into the workpiece 125.

When the operation of tightening the screw 124 reaches a
final stage and the head seat surface 124a of the screw 124
1s seated on the workpiece 125, the screwdriver 100 further
fransmits the rotating torque of the motor 113 to the screw
124 that cannot be further tightened. As a result, as shown
in FIG. 2, the teeth 141 of the clutch cam 140 comes to ride
on the teeth 151 of the third spindle 150 opposing the biasing
force of the spring 171. Thus, the clutch cam 140 moves
toward the first spindle 120 (rightward as viewed in the
drawing) in the axial direction of the second spindle 130.
Then, the stopper pin 146, which i1s arranged to move
together with the clutch cam 140 in the axial direction,
moves. At this time, an end 1464 of the stopper pin 146
engages with the stopper pin engagement portion 163«
provided on the stopper plate 163.

Because the rotational movement of the clutch cam 140
(and the second spindle 130) is not transmitted to the stopper
pin 146 as mentioned above, the stopper plate 163 1s
prevented from rotating together with the first spindle 120
when the stopper pin 146 engages with the stopper plate 163.
In other words, when the first spindle 120 rotates, the stopper
plate 163 1n engagement with the stopper pin 146 1s allowed
to rotate relative to the first spindle 120 via the bearing 1635.

As a result, the end 161 of the square spring 160 1is
prevented from moving 1n the rotational direction of the first
spindle 120. In this state, the square spring 160 can no longer
be closely wound around the large-diameter portion 1204 of
the first spindle 120. The winding engagement of the square
spring 160 on the first spindle 120 1s thus released. As a
result, the rotating torque of the motor 113 1s prevented from
being transmitted from the first spindle 120 to the second
spindle 130 and therefore, the first spindle 120 rotates 1dly
without transmitting the rotating torque to the second
spindle 130. Such torque transmission can be stopped
instantaneously.

As mentioned above, 1n the screwdriver 100 according to
the representative embodiment, stmply by making the screw
124 1n abutment on the workpiece 125 and operating the
trigger switch to drive the motor 113, the square spring 160
1s swiltly and closely wound around the first spindle 120 and
the second spindle 130. Thus, the rotating torque of the
motor 113 1s promptly transmitted to the tool bit 123 and the
screw 124.

When the operation of tightening the screw 124 is sub-
stantially completed and the screw-tightening torque
exceeds a predetermined range, the teeth 141 of the clutch
cam 140 comes to ride on the teeth 151 of the third spindle
150. Then, the clutch cam 140 moves 1n the axial direction
and the stopper pin 146 engages with the stopper plate 163.
As a result, the square spring 160 1s prevented from being
closely wound around the first spindle 120. The winding
engagement of the square spring 160 on the first spindle 120
1s thus released instantaneously, so that transmission of the
rotating torque of the motor 113 promptly and assuredly
Stops.

According to the representative embodiment, the square
spring 160 1s used to transmit the rotating torque of the
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motor 113 from the first spindle 120 to the second spindle
130. In the transmission of the rotating torque of the motor
113 by means of the square spring 160, a torque transmission
releasing device 145 can appropriately stop the torque
fransmission 1n response to the tightening torque. Therefore,
it 1s not necessary for the user of the screwdriver to apply a
strong pressing load onto the screwdriver as in the conven-
tional technique in order to engage the rotating members
with each other. Thus, the screw-tightening operation can be
cfficiently and easily performed.

Particularly as for a screw such as a universal joint, which
1s tightened 1n a relatively narrow work area, the user of the
known screwdriver may be in difficulty to continuously
apply a pressing load onto the screwdriver during the screw
tightening operation. However, according to the present
invention, 1t 1s not necessary to apply a strong pressing load
onto the screwdriver 1n the screw-tightening direction 1n
order to apply the rotating torque of the motor 113. As a
result, torque transmission can be efficiently performed or
stopped even 1n such case.

[ claim:

1. A screwdriver, comprising;:
a motor,

a first rotating member that receives rotating torque of the
motor,

a second rotating member that 1s adapted to rotate by
recerving the rotating torque of the first rotating
member,

a tool that performs a screw ftightening operation by
receiving the rotating torque via the first rotating mem-
ber and the second rotating member,

a torque transmission spring that is closely wound around
the first rotating member and the second rotating mem-
ber when the motor drivingly rotates the first rotating
member 1n a predetermined rotating direction, so that

the torque transmission spring transmits the rotating

torque of the motor from the first rotating member to
the second rotating member,

a torque transmission releasing device that moves 1n the
axial direction of the first rotating member or the
second rotating member in response to the screw-
tichtening torque, so that the torque transmission
releasing device releases the close winding of the
torque transmission spring around at least one of the
first rotating member and the second rotating member
so as to release the transmission of the rotating torque
of the motor from the first rotating member to the
second rotating member, and

a third rotating member that 1s disposed adjacent to the
second rotating member and in the vicinity of the tool,
the second rotating member being connected to the
third rotating member via a clutch member, the clutch
member being adapted to move toward the first rotating
member 1n the axial direction 1n response to the screw-
tightening torque, wherein the close winding of the
torque ftransmission spring around the {first rotating
member 15 performed or released 1n response to the
axial movement of the clutch member.

2. The screwdriver as defined in claim 1, wherein the
forque transmission releasing device engages the torque
fransmission spring so as to prevent the torque transmission
spring {rom being closely wound in the rotational direction
of the first rotating member, so that the torque transmission
releasing device releases the close winding of the torque
transmission spring around the first rotating member.

3. The screwdriver as defined 1n claim 1, wherein the
clutch member includes an engagement member that
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extends toward the first rotating member, the clutch member
being ureged away from the first rotating member by a spring,
the clutch member being adapted and arranged to move
toward the first rotating member so as to oppose to the
biasing force of the spring when the screw-tightening torque
exceeds a predetermined torque, such that the engagement
member engages the torque transmission spring so as to
release the close winding of the torque transmission spring

around the first rotating member.
4. The screwdriver as defined in claim 1, further com-

prising a {irst torque transmission path and a second torque
transmission path, wherein the rotating torque of the motor
1s transmitted from the first rotating member to the tool via
the torque transmission spring and the second rotating
member through the first torque transmission path, and when
the motor 1s rotated in a reverse direction so that the torque
transmission by the torque transmission spring 1s released,
the torque of the motor rotating in the reverse direction 1s
transmitted from the first rotating member to the tool via a
one-way clutch through the second torque transmission path.

S. The screwdriver as defined in claim 1, wherein the
rotating members are defined by spindles that rotatably
extends to the longitudinal axis thereof, respectively.

6. The screwdriver as defined 1n claim 5, wherein each
spindle rotates around the same longitudinal axis.

7. A method of using a screwdriver, wherein the screw-
driver includes a motor, a first rotating member that receives
rotating torque of the motor, a second rotating member that
1s adapted to rotate by receiving the rotating torque of the
first rotating member, a tool that performs a screw tightening
operation by receiving the rotating torque via the first
rotating member and the second rotating member, a torque
transmission spring that 1s closely wound around the first
rotating member and the second rotating member when the
motor drivingly rotates the first rotating member 1n a pre-
determined rotating direction, so that the torque transmis-
sion spring transmits the rotating torque of the motor from
the first rotating member to the second rotating member, a
torque transmission releasing device that moves 1n the axial
direction of the first rotating member or the second rotating
member, and a third rotating member that i1s disposed
adjacent to the second rotating member and 1n the vicinity of
the tool, the second rotating member being connected to the
third rotating member via a clutch member, the clutch
member being adapted to move toward the first rotating
member 1n the axial direction in response to the screw-
tightening torque, comprising:

releasing the close winding of the torque transmission

spring around at least one of the first rotating member
and the second rotating member by means of the
movement of the torque transmission releasing device
in the axial direction so as to release the transmission
of the rotating torque of the motor from the first rotating
member to the second rotating member 1n response to
the screw-tightening torque, wherein the close winding
of the torque transmission spring around the first rotat-
ing member 1s performed or released 1n response to the
axial movement of the clutch member.

8. A screwdriver, comprising:

a motor,

a first rotating member that receives rotating torque of the
motor,

a second rotating member that 1s adapted to rotate by
receving the rotating torque of the first rotating
member,

a tool that performs a screw tightening operation by
receiving the rotating torque via the first rotating mem-
ber and the second rotating member,
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a torque transmission spring that 1s closely wound around
the first rotating member and the second rotating mem-
ber when the motor drivingly rotates the first rotating,
member 1n a predetermined rotating direction, so that

the torque transmission spring transmits the rotating

torque of the motor from the first rotating member to
the second rotating member,

means for releasing the torque transmission by releasing
the close winding of the torque transmission spring
around at least one of the first rotating member and the
second rotating member by means of a movement 1n
the axial direction of the first rotating member or the
second rotating member in response to the screw-
tightening torque, so as to release the transmission of
the rotating torque of the motor from the first rotating

member to the second rotating member, and

a third rotating member that 1s disposed adjacent to the
second rotating member and in the vicinity of the tool,
the second rotating member being connected to the
third rotating member via a clutch member, the clutch
member being adapted to move toward the first rotating
member 1n the axial direction 1n response to the screw-
tightening torque, wherein the close winding of the
torque ftransmission spring around the {first rotating
member 1s performed or released 1n response to the
axial movement of the clutch member.

9. The screwdriver as defined 1n claim 8, wheremn the
forque transmission releasing means engages the torque
fransmission spring so as to prevent the torque transmission
spring from being closely wound in the rotational direction
of the first rotating member, so that the torque transmission
releasing means releases the close winding of the torque
transmission spring around the first rotating member.

10. The screwdriver as defined 1n claim 8, wherein the
clutch member includes engagement means that extends
toward the first rotating member, the clutch means being
urged away from the first rotating member by a spring, the
clutch member being adapted and arranged to move toward
the first rotating member so as to oppose to the biasing force
of the spring when the screw-tightening torque exceeds a
predetermined torque, such that the engagement member
engages the torque transmission spring so as to release the
close winding of the torque transmission spring around the
first rotating member.

11. The screwdriver as defined 1n claim 8, further com-
prising a first torque transmission path and a second torque
transmission path, wherein the rotating torque of the motor
1s transmitted from the first rotating member to the tool via
the torque transmission spring and the second rotating
member through the first torque transmission path, and when
the motor 1s rotated 1n a reverse direction so that the torque
fransmission by the torque transmission spring 1s released,
the torque of the motor rotating in the reverse direction 1s
transmitted from the first rotating member to the tool via a
one-way clutch through the second torque transmaission path.

12. A screwdriver, comprising:

a motor,

a first spindle that rotates together with the motor and
receives a rotating torque of the motor,

a second spindle that 1s adapted to rotate around the same
longitudinal axis as the first spindle by receiving the
rotating torque of the first spindle,

a driver bit that performs a screw tightening operation by
rece1ving the rotating torque via the first spindle and the
second spindle,

a torque transmission spring that is closely wound around
the first spindle and the second spindle when the motor
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drivingly rotates the first spindle 1n a predetermined
rotating direction, so that the torque transmission
spring transmits the rotating torque of the motor from
the first spindle to the second spindle, and

a torque transmission releasing device that moves 1n the
axial direction of the first spindle or the second spindle
1In response to the screw-tightening torque, wherein the
torque transmission device engages with the torque
transmission spring so as to prevent the torque trans-
mission spring from being closely wound 1n the rota-
tional direction of the first spindle, so that the torque
transmission releasing device releases the close wind-
ing of the torque transmission spring around at least
one of the first spindle and the second spindle to release
the transmission of the rotating torque of the motor
from the first spindle to the second spindle.

13. A screwdriver, comprising:

a motor,

a first spindle that rotates together with the motor and
receives a rotating torque of the motor,

a second spindle that 1s adapted to rotate by receiving the
rotating torque of the first spindle,

a driver bit that performs a screw tightening operation by
rece1ving the rotating torque via the first spindle and the
second spindle,

a torque transmission spring that 1s closely wound around
the first spindle and the second spindle when the motor
drivingly rotates the first spindle 1n a predetermined
rotating direction, so that the torque transmission
spring transmits the rotating torque of the motor from

the first spindle to the second spindle,

a third spindle that 1s disposed adjacent to the second
spindle and 1n the vicinity of the tool, and

a clutch member that connects the second spindle to the
third spindle, the clutch member being adapted to move
toward the {first spindle in the axial direction 1n
response to the screw-tightening torque, wherein the
close winding of the torque transmission spring around
the first spindle 1s performed or released 1n response to
the axial movement of the clutch member.

14. A screwdriver, comprising:

a motor,

a first spindle that rotates together with the motor and
receives a rotating torque of the motor,

a second spindle that 1s adapted to rotate by receiving the
rotating torque of the first spindle,

a driver bit that performs a screw tightening operation by
rece1ving the rotating torque via the first spindle and the
second spindle,

a torque transmission spring that 1s closely wound around
the first spindle and the second spindle when the motor
drivingly rotates the first spindle 1n a predetermined
rotating direction, so that the torque transmission
spring transmits the rotating torque of the motor from

the first spindle to the second spindle,

a third spindle that 1s disposed adjacent to the second
spindle and 1n the vicinity of the tool, and

a clutch member that connects the second spindle to the
third spindle, wherein the clutch member includes an
engagement member that extends toward the first
spindle, the clutch member being urged away from the
first spindle by a spring, the clutch member being
adapted and arranged to move toward the first spindle
S0 as to oppose to the biasing force of the spring when
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the screw-tightening torque exceeds a predetermined

torque, such that the engagement member engages the

torque transmission spring so as to release the close
winding of the torque transmission spring around the
first spindle.

15. A screwdriver, comprising:

a motor,

a first spindle that rotates together with the motor and
receives a rotating torque of the motor,

a second spindle that 1s adapted to rotate by receiving the
rotating torque of the first spindle,

a driver bit that performs a screw tightening operation by
rece1ving the rotating torque via the first spindle and the
second spindle,

a torque transmission spring that 1s closely wound around
the first spindle and the second spindle when the motor
drivingly rotates the first spindle 1n a predetermined
rotating direction, so that the torque transmission
spring transmits the rotating torque of the motor from
the first spindle to the second spindle,

a torque transmission releasing device that moves 1n the
axial direction of the first spindle or the second spindle
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1In response to the screw-tightening torque, wherein the
torque transmission device engages with the torque
transmission spring so as to prevent the torque trans-
mission spring from being closely wound 1n the rota-
tional direction of the first spindle, so that the torque
transmission releasing device releases the close wind-
ing of the torque transmission spring around at least
one of the first spindle and the second spindle to release
the transmission of the rotating torque of the motor
from the first spindle to the second spindle, and

first torque transmission path and a second torque
transmission path, wherein the rotating torque of the
motor 1s transmitted from the first spindle to the tool via
the torque transmission spring and the second spindle
through the first torque transmission path, and when the
motor 1s rotated 1n a reverse direction so that the torque
transmission by the torque transmission spring 1s
released, the torque of the motor rotating 1n the reverse
direction 1s transmitted from the first spindle to the tool
via a one-way clutch through the second torque trans-
mission path.
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